Vacuum requirements for electron storage rings are most demanding to fulfill, due to the presence of gas desorption caused by large quantities of synchrotron radiation, the very limited area accessible for pumping ports, the need for 10-9 torr pressures in the ring, and for pressures a decade lower in the interaction regions.
Introduction
The first electron storage ring, assembled at Stanford University in 1963, employed stainless steel chambers and discrete ultra-high vacuum stations with oil diffusion pumping.
Research probing failure to maintain the necessary 10-9 torr vacuum in the presence of stored beams dictated pumping with oil-free ion sublimation pumps, and produced a The application of DIP to UHV production in electron storage rings is well established.
In the realization of the SLC (Stanford Linear Collider) electrons and positrons must be damped for 3 ms in auxiliary damping rings before final injection into the 2-mile linac. To achieve fast damping 20kG bending fields are required, while for small emittance 63kG/m focusing fields are necessary. The vacuum chamber cross section is shown in Fig. 1 .
Note that the outside dimensions are 67 mm x 19 mm.
Although the base pressure is <5 x 10-9 torr and the operating pressure requirement with rated 13.1kW of synchrotron radiation power is only 10-7 torr, because of the small magnet bore and chamber conductance a DIP is required.
The DIP pump was designed to produce a total speed of 7.3 x 103 p/s, and is combined with 20 discrete 202/sec ion pumps around the 34m circumference which act as holding pumps. The performance of the prototype (207-3mmO cells, la = 5.7 mm) 's shown in Figs. 2-4. Fig. 2 gives the speed as a funlction of B, with Bi and Btr (calculated from Eq. (1) and Eq. (2)) indicated. Since the test pressure is <O17
torr, the speed is constant for B > Btr, From our experience, the ring will process and clean up by a factor of 10, so the measured figures project a very comfortable conformance with specifications.
The total installed cost (including engineering and design) for the damping ring DIP was $12/2/s. The latter property is presumably due to the relative freedom of lateral movement of the discharge within the layered anode structure compared to cylindrical structures, and might not be expected to persist to the same degree in a 1-cell wide structure.
Subsequent tests by the same authors7 confirmed this caveat.
By using 50 mm f cells, they were able to design a single rom ion pump which worked in magnetic fields between 200 and 12000, employing layered anodes.
The linear pumping speed reached 150 .2/s-m, but was reduced by various operating conditions such as low bakeout temperature, saturation by pumped gas, or increased working temperature due to synchrotron radiation heating.
The minimum Bi = 200G
is dangerously close to the minimum LEP injection field, even with reduction of anode voltage to 2kv to maintain a discharge at these low magnetic fields, as suggested by Eq.(7).
NEG Pumps for LEP
As we have seen above, production of the required 3 x 10-9 torr vacuum in LEP, to be built in the proximity of CERN, poses unique problems which are very difficult if not impossible to solve with DIP technology. Benvenuti of CERN has proposed, evaluated in the laboratory, and tested in operation at PETRA a linear NEG (non evaporable getter) pump.
On the basis of these careful and successful testss, the decision has been taken to employ NEG pumps for distributed pumping on LEP.
With permission of C. Benvenuti, some of his data is presented here. Hz can be pumped at 200C for pressures below 10-8 torr.
Tests for LEP employed 30 mm-wide ribbons which could be heated by direct current, and provided active surface area and pumping speed per meter of 500 cm2 and 500 A/s, respectively.
The ribbon was mounted by means of insulators spaced 30 cm apart *to a rigid stainless steel frame which was slid into the pumping channel of the vacuum chamber of Fig. 6. This insulator spacing allowed expansion during activation to be accommodated with either vertical or horizontal mounting of the strip as shown in Fig. 7, and "conditioning", and is distinct from 7000C activation, necessary only after air exposure. Tiie pumping speed for CO2 (not shown) is close to that for CO.
Pumping speed for H20 has been measured by a different techniqueO, and is about 250 2/s-m.
Only for the case of H2 is there evidence of internal diffusion within the NEG affecting the speed as a function of rate, as is shown in Fig. 8 . 
